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@ Recovery of biogas. 

® Biogas, essentially consisting of 50-70% methane and 
30-50% CO,, is scrubbed to remove the COa by two spray 
scrubbers (8, 14) arranged in series along the gas flow path. 
The spray scrubbers (8,14) atomise an absorbent liquid 
which is regenerated and returned to the scrubbers (8, 14). 
The absorbent liquid is preferably water which Is fed under 
pressure to a regeneration unit (23) where the water is 
atomised and its pressure is dropped to ambient pressure so 
forcing out the CO, which is vented (30) to the atmosphere. 
The water ia cooled in a chiller (33) to enhance the solubility 
of CO, therein and returned to the scrubbers (8.14). The 
water returning to the first scrubber (8) is thoroughly mixed 
with incoming biogas in a mixing chamber (6) before 
entering the scrubber (8). The raw biogas is preferably 
pre-washed (3) to remove solids and compressed (4) before 
entering the scrubbers and polished (39) after being scrub- 
bed to remove any remaining contaminanis. The polished 
gas may be cooled (48), liquefied (49) and stored in cryogenic 
tanks (SO). 
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RECOVERY OF BIOGAS 

The present invention relates to the recovery 
of gas, particularly blogas, and to an apparatus 
and method for the recovery of biogas and, optionally, 
its subsequent liquefaction. 

Methane gas is produced in large quantities in, 
for exinple, landfill sites, and certain sewage works, 
it is currently recovered in a few locations but the 
bulk of this potentially valuable energy reserve is 
lost; 

Methane gas produced from these sites may be 
scrubbed and liquefied to obtain liquefied methane 
gas (LMG) which can be substituted for fuel oil in 
is burners and diesel engines as an efficient and low- 
polluting fuel. 

It has been estimated that landfill sites alone 
in Britain could provide up to 4000 million m^ of 
methane gas per year. This represents an energy 
equivalent of 130 PJ/year. There is also a large 
potential for the recovery and liquefaction of biogas 
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from anaerobic sewage aigestera as well as anJLmpX 
wastes and crop residues. 

The recovered gas is a 8X?>erb fuel for ccnverted diesel engines 
and there are ocxnTtercially available engli^ able to run cn 
5 15% diesel axxi 85% vesporiBed IMG. Such engines have higher thermal 
efficiency and poMer output than conventional diesel engines r as wsll 
reduced noise level and redtioed emission of pollutants. 
Alternatively the gas may be burnt directly in burners 
(in Western Europe 15% of the total energy used is 
10 derived from natural gas) and, in the longer term, it i 
is envisaged that methane may be used as a chemical 
feedstock. 

It is thus apparent that the economic recovery of 
gas from the sources mentioned above would be highly 
15 significant, both economically and environmentally. 
Bipgas (methane) is produced by the anaerobic 
digestion of organic waste together with large quantities 
of carbon dioxide (about 30%-50% of the gas volume may 
be COj) and smaller quantities of sulphides, and even 
20 vinyl chloride from landfill sites, as well as other 
impurities. The gas roust be removed with mechanical 
work and then scrubbed before it can be used. The 
purified biogas can be piped to a nearby energy demand, 
used for on-site power generation, compressed and 
25 transported in cylinders or liquefied in cryogenid tanks. 
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The last option appears to hf,ve the widest potential. 

Hitherto, exploitation of biogas has been limited 
particularly because no equipment Is available for 
economically processing the gas into a transportable 
form. Desirably the equipment itself should be trans- 
portable since, in many cases (e.g. landfill sites), 
the gas source will only produce viable quantities of 
gas for a limited time and the installation of permanent 
plant would not be justified. 

The liquefaction of gas is a well established 
technology used, f or • example , in the liquefaction of 
natural gas. However, the provision of a viable process 
for cleaning biogas remains a problem. Natural gas 
typically contains only about 1.1 mole% CO^ and is 
processed by permanent plant so the technology used 
for cleaning natural gas is not directly applicable 
to biogas. 

Carbon dioxide is commonly removed from natural 
gas by contacting the gas with a suitable absorbent 
liquid, such as an aqueous solution of an alkanolamine 
or potassium carbonate. The absorbent solution may be 
regenerated by steam stripping and reused. 

A regenerative procedure for cleaning biogas 
has been proposed in which the biogas is cleaned in 
a packed tower (the gas is passed up a packed column 
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agaijist a stream of vater at a pressure of 10 bar) and the 00, - ccntaiiv 

Ing water is aregenerated In two stages: firstly its pressure is dropped 
to 1 bar and seocndly it is air stripped in a packed tower ["Studia 
viber die Eignung vcn Biogas ale PreibstoEf fOr Ifendwlrtschaftstraktotren" 
(ReportB of the Swiss Federal Research Statlcn for Farm Managenent 
and Agricultural Ihglneerlng) , J. Frankhauser and A. Hoser, 1983, pp 167- 
169]. 

Bomver, the proposal in the above Swiss study does not offer an 
eoononic w^ of recovering biogas. The Swiss study proposes to use 
packed tcwers as in ooventicnal iiatu3Gal gas scrubbing but, for anything 
other than the srallest scale cperaticns, this woaild require the assenbly 
of large fixed plant, viiich is not cnly esqpensive aiid envixaraentally 
deleterious but is also totally unsuited to tte liinited life of land- 
fill sites, which vnuld render the fixed plant siperfluous in a 
relatively short tljie. ^ 

In parti cu l ar , such apparatus requires a large water flow rate and 
for practical purposes a large fixed water reservoir is necessary, and 
even then a relatively high level of OOj renalns in the biogas. For 
exanple, it is believed that such apparatus would \2se a water flew 
rate of 50 gals (227 litres)/iidn for a biogas Inflow rate of 100 cfm 
(2.am*/min)and have a residual level of at least 2%. 

Thus, it wculd be desirable to provide a relatively ccnpact 
apparatus for the regenerative scrvibblng of biogas, that is, an 
apparatus in ^iddtx the relatively large amount of CDj In biogas could 
be rejTDved ty relatively snail scrubbers and In which the CD - 
absoriaent Is regenerated to cbvlate the need for contlnusus ^iig^i 
and re-sqfply of absorbent. Such apparatus would be most useful If it 
were transportable. 

In partlcsjlar/ it \«?ould be desirable to provide such 
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ftppj\r«\tu? in pombinfltton with liquefaction appLla^us^^^t 
would further be desirable to provide apparatus for 
scrubbing blogas which is self-contained and requires no 
ej^tern^X services ^o that it can be used JLn gemote 
5 locations, 

We have now found that a 
relatively small apparatus for scrubbing blogas can 
be provided by two-stage spray-scrubbing of the biogas 
with an atomised carbon dioxide-absorbent liquid and 
10 regeneration of the absorbent liquid and, thus, in one 

aspect the present invention resides in an apparatus for ; 
reooverixig biogas, caiprising in series along the gas flow path first- 
stage and second stage spray scrubbers for scrubbing 
biogas with ah atomised liquid absorbent for CO,, and 
15 regeneration means arranged to regenerate the absorbent 
liquid which has passed through the first scrubber 
and the absorbent liquid which has passed through the 
second scrubber and for the regenerated absorbent liquid 
to be returned to the first and second scrubbers. 
^° In a second aspect, there is provided a method of 

recovering biogas, comprising passing the gas sequentially 
through first and second stage spray scrubbers in which a 
CO2 - absorbent liquid is atomised to remove COj from the 
biogas, regenerating the absorbent liquid which has passed 
25 through the first scrubber and the absorbent liquid which 
has passed through the second scrubber and returning the 
regenerated liquid to the scrubbers for atomisation. 
The C02-absorbent liquid may be any liquid 
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conventionally used fpr gas ''sweetening^ pnci the 
liquid will be regenerated In an appropriate way* 
However, the use of ^ for example, an alkanolamlne or 
KjCOj solution is somewhat disadvantageous since, not 
5 only must the expense of obtaining the alkanolamlne 
or KjCO^ be undertaken, but also steam stripping is 
required for regeneration which is undesirable because 
of the need for a local water supply and the consiimption 
of energy during steam - generation. Moreover ^ absorbent 

10 solutions are corrosive. 

It is a further advantage c>f bur apparatus and 
method that they may be operated using water as the 
absorbent and this constitutes a preferred embodiment 
of the process, 

15 Although the process which uses water as the 

absorbent is not restricted to any particular process 
of regeneration, it is advantageously achieved by 
dropping the pressure of pressurised COj-contamlnated 
water and atomising it. Typically, the water will have been 

20 pressurised by a pump before it is passed through the 
scrubbers. This method of regeneration enables the 
provision of compact regeneration means comprising a 
spray unit in which the water pressure is dropped to 
ambient pressure and the water is atomised. The CO2 

25 lost from the water is vented to the atmosphere. Thus, 
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in one preferred enfcodiment, puip xneans l£ paxvided for pressuris- 
ing the absortaent liquid (which in use wiU be water) to be passed 
through the scrubbers and the regeneratlcn neans caiprises neans to 
drop the pressure of the absorbent liquid ai*a atcndse it. 

It is not essential for all the vater to be atanlzed and we have 
fcund that up to 10% (preferably not itore than 5%) of the ccntairdnated 
vatBX may have its pressure dropped in the regeneration maans vdthout 
atondsation. 

This preferred methcxi of stripping is energy-efficient and does 
not require the provision of a water svpply. it is envisaged that 
air stripping could otherwise be used or the CDj could be driven of f ly 
heating the CDj-ccntandnated vater. ' « 

Turning now to the two stage scrubbing process, 
we have found that a substantial proportion of the 
COj can be removed by this process leaving no more than 
a few percent and desirably about 0.8% of the biogas as CO^, The 
'^naining CO^ can be completely removed for practical 
purposes by a gas polisher. 

The bulk of the COj may be removed in the first 
stage leaving the second stage to remove a substantial 
portion of the remainder. Using water as the absorbent, 
the second scrubber should ideally atomise the water 
to droplets having a size no larger than 20 jun to achieve 
a satisfactory level of absorption. Indeed, it is 
by the achievement of such a fine atomisation in the 
second scrubber that a sufficient level of COj 
absorption may be attained for a really compact scrubber 
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system to be used, A mlnxunum droplet size of 
substantially 5 jm is preferred because little is 
gained by carrying out finer atomisation (which is 
difficult to obtain) and we most prefer atomisation 
5 to be in the range- of 10 jm in the second scrubber as 
an optimum size: a larger droplet size is more in- 
efficient but a smaller one is excessively troublesome 
to achieve • Of course, the desired atomisation sizes 
have to be considered in practical terms and not too 
10 strictly because a range of droplet sizes is inevitably 
produced, "vrr-^^ 

The firsb^^ scrubber need not atomise the water so 
finely as the" ^edond one since it is removing the COj 
down to a higher concentration than that which it is 
15 desirable to achieve in the second scrubber. Typically, 
the maximum droplet size should not exceed 500 jm to 
achieve a sufficient level of absorption and little is 
gained by using a droplet size of less than 100 pm. We 
have found a droplet size in the region of ^00 yim to be 
20 roost satisfactory. 

When water is used as the absorbent, it is most 
preferable to use one or more hydraulic nozzles in the 
first stage scrubber and one or more sonic nozzles in 
the second stage scrubber, in order to achieve the 
25 desired atomisation sizes. However, sonic nozzles 
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WAY be used In both scrubbers , 

The operation of the hydraulic no22le(s), if used, 
may be enhanced by thoroughly nixing the biogas and 
the absorbent liquid prior to passing them through the 

5 hydraulic noz2le{s) . Thus, in • preferred embodiment 
of the invention the first scrubber comprises a 
hydraulic nozzle and is preceded by a gas/liquid mixer; 
more preferably the second scrubber oatprises a sonic npzzle. 
indeed, the use of a gas/liquid premixer before a 

10 hydraulic nozzle is believed to be novel and we further 

provide an invention which is an apparatus for recovering 
biogas comprising a gas/liquid mixer having an inlet 
for biogas and an inlet for absorbent liquid and a 
scrubber comprising a hydraulic nozzle downstream of 

15 the gas/liquid mixer. Such apparatus is desirably 
incorporated into the apparatus of the aforesaid 
invention comprising two scrubber stages but t>il§ 1? 
not essential to achieve sufficient cleaning @| the 
although a more efficient and compact a|»p.§5atHS may 

20 be obtained if the two scrubber apparatus i« used. 

It is also preferred for a pre-wash (desirably regenerative) to 
be provided upstream of the scrubbers and the mixing 
chamber (if any) to wash solids out of %he gas stream^ 
Preferably the wash is a hot water wash and the water is 
25 desirably centrifuged to remove the solids and thus 
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The Apparatus of tht invention preferably comprieei 
means to liquefy the scrubbed gas and in one embodiment 
there is provided a fully integrated scrubber/liquefier 
5 vtereln there is a molti-stage (i.e. 2 or more stage) eenivsfsor qoR« 

necfced t^tream of an expansion unit through vhldi, in %X3B, the, 

biogas is expanded to liquefy it and the first and 

second scrubbers of the invention are each located 

between successive stages of the compressor. This 

10 embodiment Is particularly compact and it is envisaged 

that, where compactness is at a premium, then self-* 

containment regeneration of the absorbent liquid may 
■ 'f.'. • J - * ' . ..... 

not be necessary. Accordingly, there is further provided 

the invention which resides in an apparatus for the 

15 recovery of biogas comprising a multi-stage compressor 

arranged upstream of an expansion unit and two spray 

scrubbers arranged in series along the gas flow path 

and each located between two successive stages of the 
ooipressor. The scrubbers may be adjacent each other or. 

20 separated by a stage of the compressor. 

Oil the other hand, a more self-contained apparatus 
ihay obtained if It ie adapted to be powered by 
bcEubbed bio^aft attet ah ihltial st^rt Up period* 
CohVehiehtiy, the appairatUil m^y be powered by biogat 
25 Ih ebtaibiftatibh With dlesii aB h fuel £or ttibditidd dioiivl 
ehgihes iia]pabie ti tVltthih^ tti diesel/nethaAi miKtuteSt 

An ili4>ortaht characteristic of biogas is that it 
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nay cxantaln a relaUvely large proportion of COj , 
typically between 30 and 50%, One problem addressed 
by the present invention is the provision of apparatus 
capable of removing this relatively high proportion of 
5 cOj which is both relatively compact and with capacity 
to scrub an economically viable rate of flow of gas 
while at the same time enabling the absorbent to be 
re-used . it is envisaged that the process of 

the invention could, therefore, be advantageously 

10 applied to the removal of one or more components of a 
gas mixture by a iliquid absorbent selective thereto, 
which components' ^constitute from 20% to 70% of the 
volume of the gas mixture. Accordingly, there is further 
provided a method of washing from a gas mixture one or 

15 more components thereof which form from 20% to 70% 
by volume of the gas mixture, which process comprises 
passing the gas mixture sequentially through first and 
second stage spray scrubbers in which an absorbent liquid 
selective to the components to be washed out is atomised, 

20 regenerating the absorbent liquid which has passed 

through the first scrubber and the absorbent liquid which 
has passed through the second scrubber and returning 
the regenerated liquid to the scrubbers for atomisation. 
The present invention is further described by way 

25 of example only with reference to the accompanying 
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Fl9u;re 1, is a flow diagram llluBtrAting A process 
for liquefying biogas using apparatus according to the 

Invention; 

Figure 2 is a diagrMignatic outline of the 
apparatus used in the process illustrated in Figure 1| 

and 

Figure 3 is a detailed diagram of the scrubber 
circuit of the apparatus of Figure 2 . 
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tefarrlDg now to Figure 1, blogai is produced by 
the bacterial degradation of waste in a landfill site 
or of another mass of organic waste. Typically/ 
30-50% of the gas produced Is COj and a small amount 
(no more than a few percent) Is other Impurity gases, 
especially HjS, and the remainder Is methane. Solid 
particles are also contained In the gas* 

The blogas Is extracted from the source, for 
example a landfill site, through piping extending 
thereinto. Any extraction arrangement may be used 
but generally there Is a series of wells as described ^> - 
below with lateral piping leading to a centralised 
extractor or vacuum pump. The wells consist of 
perforated pipes extending vertically Into the waste 
to a point roughly three-quarters of the total depth 
of the landfill site. The boreholes in which the pipes 
are situated are backfilled with rock or gravel to 
prevent waste from blocking the perforations and the 
perforations are in the lower portion of the wall to 
prevent induction of air into the landfill site, A 
concrete seal is typically placed above the gravel. 
Plastics pipes are generally used because the gas is 
corrosive. 

The biogas is drawn from the source to the 
extractor opti6nally via a prewash to remove solids 
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and 9L little COj. As an alternative to using a prewash, 
there may be used an extractor which removes detritus. 
From the extractor the gas passes ro a contpressor 
which pressurises the gas before it enters the 
scrubbing system which removes the bulk (e.g. 
98%) of the CO^* The residual impurities are 
removed in a polisher. The Illustrated system is 

one in which the scrubbed gas is liquefied, stored 
in cryogenic tanks and after being polished the gas is 
passed, to a pre-cooler prior to liquefaction. The 
liquef ier is optionally followed by an expander to 
reduce the pressure of the liquefied gas which is then - 
stored in cryogenic tanks. 

Turning now to Figures 2 and 3, the illustrated 
apparatus will be described in detail. 

Contaminated biogas is drawn through an inlet duct 
1 by an extractor turbine 2* Before passing into the 

extractor the gas passes through a prewash device 3 
to remove solids, e.g. organic detritus. The prewash 
is preferably a hot water wash effected by passing the 
gas up a tower counter-current to a spray of hot water. 
The dirty water at the bottom of the tower 3 is cleaned 
by centrifugation (a technique known per se ) and 
passed to an immersion heater to be heated before being re 
sprayed. It is extremely desirable to use this 
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regenerative cleaning process because It avoids the 
need for a local water supply, although a small amount 
of water will be lost and have to be replaced from 
time to time when the bottom of the tower 3 is cleaned 
to remove sludge. The hot wash tower 3 need be no more 
than 2 metres high. 

The type of extractor used is not critical but 
it may be a centrifugal fan or gas blower. The prewash 
may be dispensed with if an extractor is used which 
itself removes solids from the gas stream and to this 
end a liquid ring compressor may be used. However, 
such compressors are relatively inefficient and we prefer 
not to use them. 

From the extractor 2, the gas passes to a compressor 
4 to compress the gas prior to scrubbing. Preferably 
the gas is pressured to 20-40 bar, most preferably in 
the region of 30-35 bar. Any suitable compressor may 
be used. 

The compressor pumps the gas through a pipe 5 to a 
mixing chamber 6, which forms part of the scrubber- 
circuit shown in detail in Figure 3. Also pumped to 
the mixing chamber is drilled (e.g. 20c) , clean water 
through an inlet duct 1, the gas being at a sliahtly 
greater pressure than the water. 

The gas and the water are thoroughly mixed in the 
mixing chamber. 

In the mixing chamber of the illustrated 
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embod^inent the ^ps is intxpductd IntQ the water stream 
thrpugh a sieve which breaks the gas up Into small 
bubbles . 

The gas/water mixture flows to a first stage spray 
scrubber 8 which removes the bulk of the COj* typically 

about 80% thereof. The first stage scrubber 8 may 
conveniently be provided with hydraulic nozzles 9 to 
obtain suitable atomisation of the water. The size 
of the atomised droplets is not critical but if they 
have a size (diameter) in excess of about 500 ysa the 
level of 'C62 absorbance is impaired and little advantage 
is gained by atomisation to less than 100^. We have 
found the optimum atomisation size to be in the region 
of 300 pn. 

Hydraulic nozzles are known in the art and 
detailed description thereof is not necessary. 

The first stage scrubber B has an outlet 10 for 
bulk water which collects in the bottom of the scrubber 
and an outlet 11 for the mist of biogas and atomised 
water which is now laden with COj. The outlet 11 leads 
to a gas/llguld separator 12 from which the biogas is 
exhausted through a duct 13 leading to the second stage 
spray scrubber 14. Clean pressurised water enters the 
second scrubber 14 from a duct 38. 

The second scrubber 14 should, for most applica- 
tions, reduce the amount of COj to a small 
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fraction of its original concentration, for example to 
about 2% of its original level (typically equivalent to 
0.8 to 1% of the total gaa volume) and the CO2 can be 
removed most efficiently by atomising the water in the 

5 second scrubber 14 to a fine size* The optimum droplet 
size of the atomised water is in the region ot 10 jm 
and a preferred size range is of from 5 to 20 pn. It is 
not worthwhile to reduce the droplet size to below about 
5 p whilst efficiency is noticeably impaired when the 

10 droplet size exceeds 20 phV 

We prefer that the siecond scrubber be provided with 
sonic nozzles 15, since thea® can atomise the water to 
the desired size and are cojiw@rcially available. Suitable 
nozzles may be purchased from Ultrasonics Limited. 

15 The gas/water mist passes from the body of the second 

scrubber 14 up a coliJBin 16 of perforated plates arranged above the 
second scrubber 14 vMch serve to separate out sone of the v^ter 
particles and further mix the gas arid water. Ihe gas/water mist then 
passes to a mist eliminator 18 which is arranged above the colunn 16 

20 of perforated plates and filled with inert particles to catch the water 
droplets. Bulk vater frcm the oolM{n 16 and the mist eliminator 18 falls 
bacdc to the bottom of the second sciubber 14 from vAiich it flows out 
through a bulk water outlet duct 17. Mter passing through the mist 
eliminator 18 the gas still contains entrained water droplets and ■ 

25 passes to a second gas/water separator 19 to finally remove 
the water droplets. 

The scrubbed gas is exhausted from the second gas/ 
water separator 19 through a duct 20 whilst the water 
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leaves the second separator 19 through water outlet duct 

21 to which the bulk water outlet duct 17 of the second 
scrubber is connected and passes via a float trap 22 to a 
water regeneration unit 23. Also fed to the regeneration 
xinit 23 is water collected by the bulk water outlet of 
the first scrubber 8, the water separated out by the first 
gas/water separator 12 which passes to the regeneration 
unit 23 via a duct 24 and the bulk water which. leaves the 
second scrubber 14 by outlet duct 17. Thus, all the water 
used in the scrubbers is fed to the water regeneration unit 
23. ■> . - . • ^ . 

Interposed in the duct 10 between the first scrubber r 
8 and the regeneration tmit 23 is a high pressure filter 
25 to filter out any solid particles washed out of the 
biogas in the first scrubber 8 whilst a float trap 26 is 
provided in the duct leading to the regeneration unit 23 
from the first gas/water separator 12. The float traps 

22 and 26 collect the water passing through the connected 
ducts \intil the water level reaches a desired level at which 
a valve is automatically triggered to pass the water to the 
regeneration vmit 23. 

TtiB gas/water separators 12 and 19 are preferably centrifugal 
separators caq;xrislng a metal (e.g» nickel or nickel chrana alloy) foam 
disc rotating at several thousand r.p.m* Ihe water droplets are caug^ 
by the foam disc, and thro^ out to circumferential edge of the disc 
\diere the water is collected. 

Tha OOj-^xxitaminated water whidi is fed to the water regeneration 
unit 23 enters tte mLt 23 through hydraulic ^pray heads 28 which 
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atomiae the v«ter. The regeneratioi unit 23 has a vent to the 
atmosphere and the water entering the regeneration unit 23 
Is still under pressure (typically at least 20 bar) and the 
combination of atomisation and pressure drop forces the 
5 out of the water. Air is blown onto the mist in the 
regeneration unit 23 to drive it into a third gas/water 
separator 29 (which may be a centrifugal separator as 
described above) from which the air and the CO^ are Vented 
to the atmosphere through the vent 30. m the illustrated 
10 enbodlment the third gasMter separator 29 is located in the sane hous- 
^ Jregeneraticn unit 23 and the vent 30 of the separator 29 also 

acts M- the^^t of the regeneraticn unit 23. - 
In a ftid^icaUcn of the illustrated apparatus the ducts 21 and ' * 
24 are not provided with ^ay heads 28 because cnly a small fraction 
15 (e.g., VP to 10% of the COj-contamlnated v«ter passes through them and 
satisfactory regeneration can be achieved with a spray head provided only 
for the duct 10. In this case the pressure of the water entering fron 
the ducts 21 and 24 will still be dropped. 

From the gas/water separator 29 the water is passed 
20 through a low pressure filter 32 to a chiller 33 to cool 
the water and thus enhance its capacity to absorb CO^. 
Ideally, the water is chilled to about 2"C but the 
temperature in practice will typically range up to 4' or 
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The chiller unit 33 is a heat exchanger in which 
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the wftteir ^.1* coo3,e4 by jref irigerAnt from a Jref^rj^geration 
plant 34, The cooled water passes to a pwnp 35 driven 
by a motor 36 which raises the water pressure for it to 
be passed through the scrubbers 8 and 14. The water 
pressure r as indicated above ^ v?.lX be eWghtly iless thnn 
the pressure of the gas entering the mixing chamber 6, 
From the pump 35 the water flows through p filter 
system 37 of in-line strainers to remove any particles 
which may still be entrained and one portion enters the 
mixing chamber 6 via the duct 7 whilst another portion 
flows to the second scrubber 14 along the duct 38, 

The scrubbed biogsis whicH^has been exhausted from 
the scrubbing circuit through the duct 20 passes to a 
polisher 39 for the removal of any remaining contaminant 
gases (e.g. HjS, COj and oxygen) which have not been 
washed out by the scrubbers. The polisher 39 may contain 
a molecular sieve and activated charcoal. The polished 
gas leaves the polisher 39 through an outlet duct 40 
for its desired ultimate use. 

A portion of the cleaned gas is generally used 
to power the recovery apparatus since this reduces the 
need for a separate fuel supply. This portion of gas 
may leave the system through a pipe 45 connected to the 
outlet duct 46 of the polisher 39. In Figure 2 there 
is shown an engine 40 capable of running on a diesel/ 
methane mixture which drives a generator 41 which in turn 
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genejj«^tes the elect^icJLty to powep the appAr^tps • Of 
CQurse, more than one engine 4o nay )>e used and one or 
more engines may be mechanically coupled to units of 
the apparatus to drive them directly. Also, arrangements 
must be made to power the apparatus during an Initial 
start up period before biogas is available and it is 
convenient to use engines capable of being switched 
from diesel to a diesel/methane mixture for this purpose. 
The switching may be effected manually or automatically 
upon detection of methane by a suitably placed detector. 

The polisher 39 must be regenerated once it is 
saturated with contaminants and this may be ef fected^* v '^^^^ 
by passing hot gas through the polisher 39. The hot 
gas is conveniently hot air heated by recovered biogas 
and, for the sake of efficiency, the hot air is heated, 
or at least pre-heated, by the hot exhaust fumes from 
the engine (s) 40. Figure 2 illustrates an arrangement 
in which exhaust fumes travel along a duct 41 from the 
engine 40 and through a turbo-heat exchanger 42 
counter-current to a stream of clean air in an air 
intake duct 43. 

If desired, the air may be further heated before 
it enters the polisher 39 from which it is vented to 
the atmosphere, for exaimple through vent 44 shown in 
Figure 2. Clearly the polisher 39 must be sealed off 
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from the rest of the system to cprry out regeneration 
and in the einbodiinent of Figure 2 this would require 
closing down the entire apparatus. However, if two 
polishers are arranged in parallel the biogas may be 

5 passed through one while the other is regenerated to 

permit continuous operation • It is possible to determine v*en a 
polisher is saturated by the use of detectors to ascertain when one 
or more ocntaminant gases is passing through the polisher but we have 
found it easiest to ef ffet cycllna between the two-polishers by a: pre- 

10 set timing nechanisn. : . ;.; 

In addition to th^iS^gA 39 , ;Cne or two pre-polishers (not shewn) 
selective to may be .ins^itpd into the gas flow path between the hot 
wash tower 3 and the extractor 2. The advantage of vising a pre-polisher 

is that it removes the corrosive and toxic HjS from the 
15 biogas before the biogas has passed through the bulk of 
the apparatus* Such a prepolisher may contain granular 
iron oxide or activated charcoal as the absorbent. 

Especially if such a pre-polisher is used, the 
biogas for powering the recovery apparatus may be taken 
20 from the gas stream before it enters the polisher 39, 
and a pipe for this purpose is indicated by numeral 47 
of Figure 2. The pipe 47 may also be used to conduct 
away gas to be piped to any other local point of 
consumption, indeed if all the gas is to be piped away 
25 for local use the polisher 39 may be dispensed with 
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entirely, espectftUy HjS p.re-polJLshe^ ^.s inste^Hed, 

As to whether the blp^as must be polished, a.n^ as to 
the extent to which it must be polished, will depend 
on the local conditions and requirements, including the 
level of contaminants in the raw biogas* 

If the gas is going to be stored in compressed gas 
cylinders or as a liquid in cryogenic tanks a high 
standard of purity will be required and it is envisaged 
that the polisher 39 would always be used* 

Any suitable .apparatus may be used to compress or 
liquefy the biogas and known conventional apparatus 
would be appropriate. \ Figure 2 illustrates in outline 
apparatus for liquefying the biogas. From the polisher 
39 it passes to a pre-cooler .48. nhich may be connected to 
the refrigeration plant 34 coupled to the chiller 33 of 
the scrubber circuit, as shown in Figure 2. The cooled 
gas passes to a liquefier 49 and optionally through an 
expander (see Figure 1) to reduce its pressure before 
being stored in cryogenic tanks 50. 

It will be seen that the illustrated embodiment 
provides a substantially self-contained apparatus for 
recovering biogas. The only external supplies needed 
are a small amount of water to replace losses from the 
water regeneration unit 23 and the prewash unit 3 and 
a quantity of diesel to power the apparatus during the 



initial ttujft up period p^nd to b» us«m Hi # 
with mtthnne during iubf^qu^nt runnj^ng. By powaring 
the apparatus vith an available motor capable of 
running on a 90% methane/lOl diesel mix only vary 

5 occasional supplies of diesel will be needed to fill 
the diesel tank. Likewise a water reservoir 

can be provided to minimise the need for water to be 
supplied during the running of the apparatus • 

The use of two spray scrubbers to clean the biogas , 

10 enables the apparatus to be compact and we have found 

that a recovery and liquefaction apparatus as 
illustrated in the drawlJcigB and capable of a biogas inflow rate of 

, 100 cfm (2,8 m^/min ) and of delivering as wjch as 400 gallcm (1818 

• litres) /day of methane at ) bar and 112 K nay be housed, in two 

15 standard 20 foot Icng (6«1m) freight containers. The freight containers 

can xeadily .be transported-, f ran site to site so th^t'the i^paratus 

can be eooraidcally Installed even at remote sites. This apparatus 

is designed for the gas leaving the second sc ru bbe x typ ic al ly to have 

a residual CDj level of about 0.8% with a water flow rate of 15-20 

20 gallons (6B-901)/mln. 

The apparatus may be adapted to be remotely controlled 

via a MODEM unit or other suitable telephone link and a 

microprocessor unit. This will mean that no personnel 

will be required to monitor its operation and it can be 

25 remotely Interrogated by telephone (suitably via a radio 

link) to ascertain its performance. 

Many modifications of the illustrated apparatus 
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Will be apparent to the skilled pe^QA. Fo^ example, 
in one preferred ei«bo<Jin»ent there i, provWed ^ fully 
integrated scrubber /I iquefier in which the blogas is 
compressed through a four stage compressor [for 
example to a pressure of 3,5C)Opsi (240 bar)]. The 
scrubbing would be carried out by the two stage, 
regenerative, spray scrubbing apparatus of the invention, 
between the second and. third stages of the compressor 
and polished. The fully compressed gas would then be 
expanded through a refrigeration unit and thus liquefied. 

What is essential to the invention is that it has 
two spray scrubbers in series with regeneration of the 
COj-absorbent used in each scrubber for the regenerated 
absorbent to be recycled through each scrubber. This 
enables a -compact apparatus which does not require a 
continuous supply of fresh absorbent. Preferably the 
absorbent is regenerated by a self-contained process 
which does not require the input of any material (except 
insofar as fuel may be required to drive the apparatus ) 
and also it is preferred for any pre-wash system to be 
regenerative. Ideally the COj-absorbent is water and 
for the optimum level of COj absorption the second 
spray scrubber atomises the water to a size of from 
5 to 20 pn. The operation of the apparatus can be 
further enhanced by the provision of a mixing chamber 
upstream of the first scrubber. 
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1. An apparatus for recovering biogas, 
comprising in series along the gas flow path first 
stage and second stage spray scrubbers for scrubbing 
biogas with an atomised liquid absorbent for COj/ and 
5 regeneration means arranged to regenerate the absorbent 
liguid which has passed through the first scrubber 
and the absorbent liquid which has passed through the 
second scrubber and for the regenerated absorbent liquid 
to be returned to the first and second scrubbers. 

:ip-: "' • - 

' 2 . An apparatus as claimed in Claim 1 wherein the 

first scrubber is capable of atomising the absorbent 
liquid to droplets having a size of from 100 to 500 ym 
and the second scrubber is capable of atomising the 
15 absorbent liquid to droplets having a size of from 5 
to 20 pn. 

3. An apparatus as claimed in Claim 2 wherein the 
first scrubber is capable of atomising the absorbent 
20 liquid to droplets having a size in the order of 300 jim 
and the second scrubber is capable of atomising the 
absorbent liquid to droplets having a size in the order 
of 10 pn. 



25 



' 4^ An apparatus as claimed in any one of the 
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» hycarawlic nostU to atomlM tht absorbent Uguid 
•nd tha aacond acrubbar cawnprifti a Bonlc nozsla to 
•towiaa tha absorbent liquid. 

5. An apparatus aa claimed in any one of the 
preceding claims which is arranged for scrubbed biogas 
to power the apparatus after an initial start up period. 

6. An apparatus as claimed in any one of the 
preceding claims wherein there la provided pump „,eans 
for pressurising the absorbent liquid to be passed 
through the scrubbers and the regeneration means 
conprisea means to drop the pressure of the absorbent 
liquid and atomise it. 

7. An apparatus as claimed In any one of claims 
1 to 5 wherein the regeneration means comprises means 
to drop the pressure of the absorbent liquid and 
atomise it, which apparatus comprises: 

an extractor for extracting biogas from the 
source and pressurising it, 

pump means connected to the regeneration means 
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for pressurising regenerated absorbent liquid to a 
pressure less than that of the pressurised biogas, 

a mixing chamber connected to the extractor and 
the pump means downstream thereof for mixing the biogas 
5 and the absorbent liquid and to the first stage scrubber 
upstreauQ thereof # 

a first gas/liquid separator connected in the gas 
flow path between the first and i^econd scrubber* and 
having a liquid outlet connected to the regeneration 
10 means, for separating the gas and the absorbent liquid 
after they have passed through the first scrubber, 

a duct connecting the pump means and the second 
scrubber for regenerated water to be pumped to the 
second scrubber, . 
15 a second gas/liquid separator downstream of the 

second scrubber having a liquid outlet connected to 
the regeneration means and a gas outlet, 

a gas polishing means connected to the gas outlet 
of the second gas/liquid separator, and 
20 a chiller cpjin^cted between the regeneration means 

and the pump me^yis fgf cooling the absorbent liquid 
passing from the r^ge^efiation means to the pump means. 

8. A method pf rpppvering biogas, comprising 
25 passing the gas segtj^nttally through first and second 
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Ptage spray scrubbers in which a COj- absorbent liquid 
is atomised to remove from the blogasi regenerating 
the absorbent liquid which has passed through the first 
scrubber and the absorbent liquid which has passed 
through the second scrubber and returning the regenerated 
liquid to the scrubbers for atomlsation. 

9 • A method as claimed in Claim 9 wherein in the 
first scrubber the absorbent liquid is atomised by a 
hydraulic nozzle and in the second scrubber It is 
atomised by a sonic nozzle and the biogas and the ^ 
absorbent liquid are mixed prior to entering the; first 
scrubber. 

10. A method as claimed in Claim 9 or Claim 10 
wherein the recovered biogas is liquefied. 

11. An apparatus for recovering biogas comprising 
a gas/liquid mixer having an inlet for biogas and an 
inlet for absorbent liquid and a scrubber comprising 

a hydraulic nozzel downstream of the gas/liquid mixer • 

12. An apparatus for recovering biogas comprising 

a multi-stage compressor arranged upstream of an expansion 
unit and two spray scurbbers arranged in series along the 
gas flow path and each located between two successive 
stages of the compressor. 
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13 « A method of washing from a gas mixture one 
or more components thereof which form of from 20%. to 
70% by volume of the ga^-^mixture , which process 
comprises passing the gas mixture sequentially through 
first and second stage spray scrubbers in which an 
absorbent liquid selective to the components to be 
washed out is atomised, regenerating the absorbent 
liquid which has passed thtough the first scrubber and 
the absorbent liquid which has passed through the 
second scrubber an^ returning the regenerated liquid 
to the scrubbers or atomis^ 
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